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(54) Apparatus and method for mounting a cascade support ring to a thrust reverser

(57) A thrust reverser for a jet engine of a mobile
platform. The thrust reverser includes a hinge beam
(104) defining a first track (112) and a latch beam (104')
defining a second track (112'). The thrust reverser also
includes at least one cascade support ring (102) having
an upper end portion (108) and a lower end portion
(108"). A first fitting (106) is disposed at the upper end
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fitting (106) includes an engagement portion (110) slid-
ably positioned within the first track (112). A second fit-
ting (106") is disposed at the lower end portion (108') of
the cascade supportring (102). The second fitting (106")
includes an engagement portion (110") slidably posi-
tioned within the second track (112').

104, 104’

112, 112°

110, 110’

116, 116’

FIG.Bb

Printed by Jouve, 75001 PARIS (FR)



1 EP 1 457 659 A2 2

Description
FIELD OF THE INVENTION

[0001] The present invention relates generally to
thrust reversers for jet engines and more particularly to
apparatus and methods for mounting cascade support
rings to thrust reversers.

BACKGROUND OF THE INVENTION

[0002] Thrust reversers are commonly used to re-
verse the direction of thrust generated by an aircraft jet
engine so that the same may be used as a deceleration
force for the aircraft. As shown in Figures 1 through 5,
many existing thrust reversers 10 include a fixed struc-
ture 12, sleeve 14 that is translatable relative to the fixed
structure 12, and a plurality of cascades 16 each of
which includes a plurality of vanes 18. The fixed struc-
ture 12 of the thrust reverser 10 includes a torque box
20, a hinge beam 22, a latch beam 24, and a cascade
support ring 26 mounted to each cascade 16.

[0003] In addition, the cascades 16 are commonly
bolted to the thrust reverser 10. As shown in Figures 2
and 4, nut and bolt assemblies 28 are used to attach the
fore end portion 30 of each cascade 16 to the torque
box 20. Similarly, nut and bolt assemblies 32 are used
to attach the aft end portion 34 of each cascade 16 to
its corresponding cascade support ring 26.

[0004] Referring, to Figure 5, the upper and lower end
portions 36 and 38 of the cascade support rings 26 are,
in turn, bolted to the respective hinge and latch beams
22 and 24, thus forming relatively fixed joints 25 there-
between. More specifically, nut and bolt assemblies 40
are used to attach the end portions 36 and 38 of the
cascade support rings 26 to fittings 42, which are inte-
gral to the hinge and latch beams 22, 24.

[0005] A drill cage or jig is typically used to aid in ac-
curate drilling of the torque box 20 and the cascade sup-
port rings 26 with the bolt holes, which are used for at-
tachment of the cascades 16 to the torque box 20 and
to the cascade support rings 26. The corresponding bolt
holes in the fore and aft end portions 30 and 34 of the
cascades 16 are also precisely located within certain
minimal tolerances to ensure a proper connection.
[0006] Although the bolted joints 25 used for mounting
cascade support rings to the latch and hinge beams
have worked well for their intended purpose, the inven-
tor has recognized that it would be even more beneficial
if such joints required less assembly time and tooling
costs. Accordingly, a need exists in the art for a device
and method for more efficiently attaching cascade sup-
port rings to latch and hinge beams.

SUMMARY OF THE INVENTION

[0007] In order to solve these and other needs in the
art, the inventor here of has succeeded in designing an
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apparatus and method for mounting a cascade support
ring to a thrust reverser. In one exemplary embodiment,
the thrust reverserincludes a hinge beam, a latch beam,
and at least one cascade support ring having an upper
end portion and a lower end portion. A first fitting dis-
posed at the upper end portion of the cascade support
ring. The first fitting includes an engagement portion sl-
idably positioned within a first track defined by the hinge
beam. A second fitting is disposed at the lower end por-
tion of the cascade support ring. The second fitting in-
cludes an engagement portion slidably positioned within
the second track.

[0008] In another preferred form, the present inven-
tion provides a method of mounting a cascade support
ring to a thrust reverser for a jet engine of a mobile plat-
form. In one embodiment, the method comprises: pro-
viding an upper end portion of the cascade support ring
with a first fitting; providing a lower end portion of the
cascade support ring with a second fitting; providing a
hinge beam of the thrust reverser with a first track sized
to slidably receive therein an engagement portion of the
first fitting; providing a latch beam of the thrust reverser
with a second track sized to slidably receive therein an
engagement portion of the second fitting; and slidably
positioning the engagement portions of the first and sec-
ond fittings within the first and second tracks, respec-
tively.

[0009] Further areas of applicability of the present in-
vention will become apparent from the detailed descrip-
tion provided hereinafter. It should be understood that
the detailed description and specific examples below,
while indicating at least one preferred embodiment of
the invention, are intended for purposes of illustration
only and are not intended to limit the scope of the inven-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The presentinvention will be more fully under-
stood from the detailed description and the accompany-
ing drawings, wherein:

Figure 1 is a partial perspective view of an exem-
plary thrust reverser;

Figure 2 is a cross-sectional view of the thrust re-
verser shown taken along the plane 2-2 in Figure 1;
Figure 3 is a perspective view of a conventional
thrust reverser cascade installation;

Figure 4 is a cross-sectional view of a cascade in-
cluding a fore end portion attached to a torque box
and an aft end portion attached to a cascade sup-
port ring;

Figure 5is a perspective view of a conventional bolt-
ed joint disposed between a cascade support ring
and either a hinge beam or a latch beam of a thrust
reverser;

Figure 6 is a perspective view of a slider joint dis-
posed between a cascade support ring and either
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a hinge beam or a latch beam in accordance with a
preferred embodiment of the present invention;
Figure 7 is a cross-sectional view of the slider joint
shown in Figure 6; and

Figure 8 is a side view of a cascade support ring
including a fitting disposed at its upper and lower
end portions.

[0011] Corresponding reference characters indicate
corresponding features throughout the drawings.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0012] The following description of the preferred em-
bodiment(s) is merely exemplary in nature and is in no
way intended to limit the invention, its application, or us-
es.

[0013] Referring to Figures 6 through 8, there are
shown slider joints 100 and 100' in accordance with a
preferred embodiment of the present invention. As de-
scribed in detail below, the slider joint 100 is used to
mount an upper end portion 108 of a cascade support
ring 102 to a hinge beam 104 of a thrust reverser. The
slider joint 100'is also used to mount a lower end portion
108' of the cascade support ring 102 to a latch beam
104' of the thrust reverser.

[0014] As shown in Figures 6 through 8, each slider
joint 100, 100" includes a fitting 106, 106" disposed at
the respective upper and lower end portions 108, 108’
of the cascade support ring 102. The fitting 106 dis-
posed at the upper end portion 108 includes an engage-
ment portion 110 sized to be slidably received within a
track 112 defined by the hinge beam 104. The fitting 106’
disposed at the lower end portion 108' of the cascade
support ring 102 includes an engagement portion 110’
sized to be slidably received within a track 112' defined
by the latch beam 104'. It should be noted, however, that
in other embodiments the tracks can be defined by the
upper and lower end portions of the cascade support
rings with the fittings being disposed on the hinge and
latch beams.

[0015] For ease of identification and ease of presen-
tation and not for purposes of limitation, the fitting 106
disposed at the upper end portion 108 of the cascade
support ring 102 will also be referred to as the first fitting
106, whereas the fitting 106' disposed at the lower end
portion 108' of the cascade support ring 102 will also be
referred to as the second fitting 106'. Similarly, the track
112 defined by the hinge beam 104 will also be referred
to as the first track 112, and the track 112' defined by
the latch beam 104' will also be referred to as the second
track 112",

[0016] As best shown in Figure 7, each engagement
portion 110, 110" has a cross-section that is substantially
circular. However; other cross-sectional shapes (e.g.,
rectangular) are also possible for the engagement por-
tions depending on the particular application in which
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the slider joints 100 and 100" will be used.

[0017] Preferably, an outer surface of each engage-
ment portion 110, 110" is lined or covered with a suitable
friction-reducing, wear-resistant material. In the exem-
plary embodiment of Figure 8, the engagement portions
110, 110" are covered with a wear-resistant tape 114,
114' that prevents, or at least substantially reduces,
wear-and-tear on the engagement portions 110, 110'.
[0018] A wide range of materials may be used for the
cascade support ring 102 and/or the first and second
fittings 106, 106'. Preferably, lightweight materials are
used for the cascade support ring 102 and the fittings
106, 106", such as aluminum or composite materials (e.
g., graphite epoxy laminate). In addition, a wide range
of manufacturing processes may be used to fabricate
the cascade support ring 102 and the fittings 106 and
106'. By way of example only, the cascade support ring
102 may be formed via an extrusion process, and the
fittings 106, 106' may be formed via a forging and/or ma-
chining process.

[0019] The first and second fittings 106, 106' may be
attached to the respective upper and lower end portions
108, 108’ of the cascade support ring 102 using any of
a wide range of suitable fastening systems or methods
(e.g., mechanical fasteners, machining, among others).
In the exemplary embodiment of Figures 6 through 8,
each fitting 106, 106' is bolted to the corresponding end
portion 108, 108" of the cascade support ring 102 with
nut and bolt assemblies 116, 116'. Alternatively, the fit-
tings 106 and/or 106' and the cascade support ring 102
may be integrally formed as a single component.
[0020] The first and second tracks 112, 112" will now
be described in further detail. The first track 112 is de-
fined by the hinge beam 104 and is sized to slidably re-
ceive therein the engagement portion 110 of the first fit-
ting 106. The second track 112" is defined by the latch
beam 104' and is sized to slidably receive therein the
engagement portion 110" of the second fitting 106".
[0021] As bestshown in Figure 7, the first and second
tracks 112, 112' each have a cross section that is sub-
stantially c-shaped. Alternatively, the tracks may have
a cross section that is substantially u-shaped with cor-
ners forming right angles. Other cross-sectional shapes,
however, are also possible for the tracks depending on
the particular application in which the slider joints 100
and 100" will be used.

[0022] Preferably, an inner surface of each track 112,
112" is lined with a suitable friction-reducing, wear-re-
sistant material. In the exemplary embodiment of Figure
7, a steel liner 120, 120 is disposed adjacent the inner
surface of each track 112, 112. The steel liner 120, 120’
reduces the friction between the track 112, 112' and the
corresponding engagement portion 110, 110" positioned
within the track 112, 112'. The steel liner 120, 120" also
prevents, or at least reduces, wear-and-tear of the
tracks 112, 112"

[0023] A wide range of materials may be used for the
tracks 112, 112'. By way of example only, a lightweight



5 EP 1 457 659 A2 6

material is preferably used for the tracks 112, 112", such
as aluminum.

[0024] In the exemplary embodiment of Figures 6
through 8, the hinge beam 104 and the first track 112
are integrally formed as a single component. Similarly,-
the latch beam 104' and the second track 112" are also
formed as a single component. Alternatively, either or
both of the tracks 112, 112" may comprises a separate
component that is attached to the corresponding hinge
or latch beam 104, 104" using a suitable fastening sys-
tem or method (e.g., mechanical fasteners, among oth-
ers).

[0025] The joints 100 and 100' are assembled as fol-
lows to mount the cascade support ring 102 to the thrust
reverser. The cascade support ring 102 and thrust re-
verser are positioned relative to one another to align the
engagement portion 110 of the first fitting 106 with the
first track 112 and to align the engagement portion 110’
of the second fitting 106" with the second track 112'.
Once aligned, the cascade support ring 102 and/or the
thrust reverser are moved towards one another so that
the engagement portions 110, 110" are slidably received
within the first and second tracks 112, 112', respectively.
[0026] Once assembled, the joints 100 and 100' sup-
port the cascade support ring 102 in the inboard and
outboard directions. The cascade supportring 102 is re-
strained in the fore and aft direction by the cascade 126
(Figure 6) to which the cascade support ring 102 is bolt-
ed 128 (Figure 7).

[0027] The joints 100 and 100" also provide at least
some rotational freedom to the engagement portions
110, 110' even while they are positioned within the tracks
112, 112". For example, the engagement portion 110
may be able to rotate clockwise or counterclockwise a
few degrees about the point 124 (Figure 7) when radial
loading on the cascade 126 deflects the cascade sup-
port ring 102.

[0028] In another preferred form, the present inven-
tion provides a method of mounting a cascade support
ring to a thrust reverser for a jet engine. In one embod-
iment, the method comprises: providing the upper end
portion 108 of the cascade support ring 102 with the first
fitting 106; providing the lower end portion 108’ of the
cascade support ring 102 with the second fitting 106";
providing the hinge beam 104 of the thrust reverser with
the first track 112; providing the latch beam 104’ of the
thrust reverser with the second track 112'; and slidably
positioning the engagement portions 110, 110’ of the re-
spective first and second fittings 106, 106" within the first
and second tracks 112, 112', respectively.

[0029] Accordingly, the present invention allow cas-
cade support rings to be mounted to thrust reversers
more efficiently and easier than the methods presently
recognized in the art. Forexample, the presentinvention
eliminates the need for using a drill cage to provide the
hinge and latch beams with bolt holes for attachment of
the cascade support rings. This, in turn, allows for re-
ductions in assembly time and tooling and part costs. In
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addition, the flexibility of the slider joints 100 and 100’
allows cascade support rings to shift or float relative to
the hinge and latch beams 104, 104, thus allowing the
fore and aft end portions of the cascades to be more
easily fastened to the torque box 20 and cascade sup-
port ring 26.

[0030] In addition, the slider joints 100 and 100' can
be sized considerably smaller and lighter than the bolted
joints 25 shown in Figure 5. During operation of the jet
engine, torque loading is transferred from the cascades
into the cascade support rings, which then transfer the
loads to the hinge and latch beams. To accommodate
for such torque loading and the moments created there-
by, known methods in the art employ large and heavy
bolted joints to mount the cascade support rings to the
hinge and latch beams.

[0031] With the present invention, however, the rota-
tional nature of the slider joints 100 and 100' eliminates,
or at least substantially reduces, the ability of the torque
loads to react a momentin the plane of the cascade sup-
port ring into the hinge and latch beams. Instead, the
torque loads are reacted in the form of hoop and reaction
loads. Because the slider joints 100 and 100' do not
have to accommodate relatively large moments pro-
duced by the torque loading, the slider joints 100 and
100' can be sized considerably smaller and lighter than
the bolted joints currently being used.

[0032] Itis anticipated that the invention will be appli-
cable to any of a wide range of aircraft (e.g. but not lim-
ited to, commercial jets, private jets, military jets, among
others) regardless of the manner in which the aircraft is
piloted (e.g., directly, remotely, via automation, or in a
combination thereof, among others). Indeed, the
present invention should not be limited to just aircraft
either. Rather, it is anticipated that the invention will be
applicable to other mobile platforms. Accordingly, the
specific references to aircraft herein should not be con-
strued as limiting the scope of the present invention to
only one specific form/type of aircraft or to aircraft alone.
[0033] It is also,anticipated that the invention will be
applicable to any one of a wide range of engines (e.g.,
but not limited to high bypass jet engines, turbofan en-
gines, gas turbine engines). Accordingly, the specific
references to jet engine should not be construed as lim-
iting the scope of the present invention to only one spe-
cific form/type of engine.

[0034] The description of the invention is merely ex-
emplary in nature and is in no way intended to limit the
invention, its application, or uses. Thus, variations that
do not depart from the substance of the invention are
intended to be within the scope of the invention. Such
variations are not to be regarded as a departure from
the spirit and scope of the invention.

Claims

1. A thrust reverser for a jet engine of a mobile plat-
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form, the thrust reverser being of the type having a
hinge beam, a latch beam, and atleast one cascade
support ring, comprising:

a first track defined by the hinge beam;

a second track defined by the latch beam;

a first fitting disposed at an upper end portion
of the cascade support ring, the first fitting in-
cluding an engagement portion slidably posi-
tioned within the first track; and

a second fitting disposed at a lower end portion
of the cascade support ring, the second fitting
including an engagement portion slidably posi-
tioned within the second track.

A thrust reverser according to claim 1, said at least
one cascade support ring having an upper end por-
tion and a lower end portion.

The thrust reverser of claim 1 or 2, further compris-
ing a wear-resistant material lining an inner surface
of each track.

The thrust reverser of any of claims 1-3, further
comprising a wear-resistant material lining an outer

surface of the engagement portion of each fitting.

The thrust reverser of any of claims 1-4, wherein
the mobile platform comprises an aircraft.

The thrust reverser of any of claims 1-5, wherein:
each track comprises a substantially c-shaped
cross section; and
each engagement portion comprises a sub-

stantially circular cross section.

The thrust reverser of any of claims 1-6, wherein
the fittings are integral to the cascade support ring.

The thrust reverser of any of claims 1-7, wherein
the fittings are attached to the cascade support ring.

The thrust reverser of any of claims 1-8, wherein:

the first track is integral to the hinge beam; and
the second track is integral to the latch beam.

The thrust reverser of any of claims 1-9, wherein:

the firsttrack is attached to the hinge beam; and
the second track is attached to the latch beam.

The thrust reverser of any of claims 1-10, wherein
the fittings are integral to the cascade support ring.

The thrust reverser of any of claims 1-11, wherein
the fittings are attached to the cascade supportring.
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13. An aircraft, comprising:

a jet engine for generating thrust; and
a thrust reverser according to any of claims
1-12.

14. Apparatus for mounting a cascade support ring to

a thrust reverser, the apparatus comprising:

atleast one track defined by the thrust reverser;
and

at least one fitting disposed at an end portion
of the cascade support ring, the fitting including
an engagement portion sized to be slidably re-
ceived within the track.

15. Apparatus for mounting a cascade support ring to

a thrust reverser, the apparatus comprising:

at least one track defined by one of the thrust
reverser and the cascade support ring; and

at least one fitting defined by the other one of
said thrust reverser and said cascade support
ring, the fitting including an engagement por-
tion sized to be slidably received within the
track.

16. A method of mounting a cascade support ring to a

thrust reverser for a jet engine of a mobile platform,
the method comprising:

providing an upper end portion of the cascade
support ring with a first fitting;

providing a lower end portion of the cascade
support ring with a second fitting;

providing a hinge beam of the thrust reverser
with a first track sized to slidably receive therein
an engagement portion of the first fitting;
providing a latch beam of the thrust reverser
with a second track sized to slidably receive
therein an engagement portion of the second
fitting;

slidably positioning the engagement portion of
the first fitting within the first track; and
slidably positioning the engagement portion of
the second fitting within the second track.

17. A method according to claim 16, wherein the thrust

reverser according to any of claims 1-12, and/or an
apparatus according to 14 or 15 is used.

18. Apparatus according to claim 14 or 15, also includ-

ing one or more of the features of the thrust reverser
according to any of claims 1-13.
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